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GENE CLONING METHOD 
[Idenshi Kuroningu Hoho] 



Inventor: Kinya Abe 

Applicant: Shin Gijutsu Jigyodan 

Claim 

A gene cloning method, characterized in that, after modifying a double-stranded DN A 
fragment bonded with a synthetic linker into a single-stranded, association of the substance with 
an excessive amount of a single-stranded probe DNA was induced, and only the DNA fragments 
that form hybrids with the probe DNA are isolated, and after amplifying them by the LL-PCR 
method, each one of them is cloned. 



Detailed explanation of the invention 
Industrial application field 

This invention pertains to a gene cloning method. More specifically, this invention 
pertains to a cloning method that can promote gene cloning in a highly efficient way and is 
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useful for rapidly cloning unknown genes, gene family members and chromosomal DNA, as well 
as for applications in the broad field of molecular biology including functional analysis of 
chromosomal DNA, and furthermore, for applications in medical biology such as detection of 
special virus genomes. 

Prior art and the problems 

In recent years, there has been rapid progress in molecular biological elucidation with 
respect to constituting compositions and forming mechanisms of living organisms, as well as in 
the technical applications that accompany them, and the fundamentals of genetic engineering and 
biotechnology have gradually been established. 

It is not at all an overstatement to say that such success in molecular biology which is 
seen today is attained through a technique called "gene cloning" which selectively isolates the 
gene desired. From the standpoint of operating procedure, this gene cloning is separated into a 
process of recombination of cDNA with a chromosomal DNA fragment or m-RNA as the 
template into a vector, a process of amplification of the recombinant DNA in a host tissue 
(mainly E. coli bacteria) and a screening process to select a specific clone. The techniques 
concerning each of these processes have been well established and are widely applied in many 
areas, but further improvement of the efficiency is still quite desirable for each of the above 12 
steps. This is particularly true for the last screening process which is a very complicated process, 
in which several hundred thousand to several million clones are spread onto a filter, and after 
identification is carried out utilizing hybridization with a probe, often it is necessary to further 
carry out the screening a second or third time. 

Still further, the conventional gene screening method not only requires a vast amount of 
labor, time and cost, its simplification and automation are rather difficult because the operating 
process involves steps of DNA amplification in a host tissue and of screening based on 
large-scale filter hybridization. For the same reason, screening is even more difficult for the 
occasions when there are repeat screenings with a multiple number of probes or if a variety of 
different libraries are the objects. 

Therefore, it is considered that, if the amplification or selection of a DNA fragment can 
be simplified or automated, not only there will be a savings on the labor in the conventional 
cloning method, it could also open new application fields. 

From this standpoint, a polymerase chain reaction (PCR) method capable of isolating and 
amplifying a specific gene DNA without cloning has been the focus point in recent years. In this 
method, an almost homogeneous DNA fragment can be obtained in large quantity by repeating a 
cycle of annealing, lengthening and modification using a pair of synthetic oligonucleotides 
complementary to a given base sequence as the primer for in vitro DNA synthesis, without 



3 



carrying out any operation on the template DNA itself. Additionally, each of the almost 
homogeneous DNA fragments is linked to a respective vector, and by cloning with normal 
methods, a specific gene can be isolated without going through a large-scale screening process. 
Accompanying automation of the amplification process, this method has been rapidly adapted in 
gene cloning in recent years. 

However, since the DNA fragment to be amplified by PCR method is limited to the base 
sequence positioned between the primers, the method could not be a complete substitute for a 
normal cloning method. Also, when carrying out amplification by PCR method, it is necessary 
that the two terminal base sequences are known for the DNA to be amplified. Therefore, 
unknown genes cannot be used as the objects. Additionally, there is the problem that screening 
with a multiple number of probes has proven to be a difficult process. 

The present invention is achieved by focusing on the aforementioned aspects and the 
objective lies in providing a novel gene cloning method capable of carrying out cloning in a 
micro quantity at high efficiency and in a simplified way, by combining the advantage of the 
conventional gene cloning method and that of the PCR method. 

Means to solve the problem 

The present invention aims to solve the aforementioned problem and provides a gene 
cloning method characterized in that, after modifying a double-stranded DNA fragment bonded 
with a synthetic linker into a single-stranded, association of the substance with an excessive 
amount of a single-stranded probe DNA was induced, and only the DNA fragments that form 
hybrids with the probe DNA are isolated, and after amplifying them by the LL-PCR method, 
each one of them is cloned. 

The constitution, operation and effect of the present invention are explained in detail in 
the following using the accompanying figure, Figure 1 . 

Figure 1 is a model diagram depicting the selecting and amplifying processes for the 
objective gene of the gene cloning method of the present invention. 

First, a group of double-stranded DNAs containing the objective DNA fragment for 
cloning is bonded to a synthetic linker. In other words, in the present invention, instead of 
directly inserting each DNA fragment into a vector, in vitro DNA amplification is carried out 
with a PCR method to be described below, during which a synthetic linker is bonded as a primer 
and various DNA fragments containing unknown base sequences can be increased at high 
efficiency, which has been unattainable by the conventional PCR method. This technique is 
called lone linker PCR method (LL-PCR method) and corresponds to the conventional DNA 
library, yet it can simply be attained with a process of bonding a synthetic linker to the DNA. 
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Next, these double-stranded DNAs are modified by the eonventional method to give 
single-stranded DNAs, for which association is induced in a solution with probe DNA that is /3 
modified to single-stranded in the same manner, to form hybrids, and the DNA as the object for 
cloning is selected from the group of DNAs. In other words, in the case of the conventional 
method for screening clones for an objective cDNA, filter hybridization is carried out for all the 
clones. In doing so, it is necessary to spread the clones onto a filter, but the drawback is that 
there is a limitation to the number of clones which can be spread, while there is also the problem 
that mistakes such as a mismatch can easily occur. Therefore, one characteristic of the present 
invention is that the probe and the DNA are associated in a solution, and by which the DNA 
complementary to the probe is screened and selected, which is then cloned. Also, during the 
process, in order to accelerate the association of the probe and the complementary DNA, an 
excessive quantity of the probe DNA is added in the solution. 

Next, the hybrids formed in the liquid phase from the probe and the complementary DNA 
are separated from the DNAs that remain single-stranded. As a method for such operation, the 
probe DNA is prelabeled with biotin, and commercial magnetic beads coated with streptavidin 
which specifically bind biotin are mixed in the solution after the liquid phase hybridization is 
completed. These beads are easily recovered with a magnet and the hybrid DNA can be easily 
extracted and isolated from the remaining single-stranded DNAs. Also, the hybrid DNA 
adsorbed on the beads is heat-treated, and the objective cDN A is separated from the probe to 
afford a DNA fragment that can be cloned by normal methods. 

However, the objective DNA obtained in such manner in general is in an extremely 
minute quantity, and amplification by normal cloning methods is difficult. Therefore, in the next 
step, the objective DNA is selectively amplified by the aforementioned LL-PCR method to 
afford a quantity that is capable of being cloned. Here, because the synthetic linker that is bonded 
to the DNA for amplification contains in its sequence a site for restrictive enzyme splicing, the 
amplified DNA can be easily cloned by following conventional methods. Also, if necessary, the 
entire aforementioned procedure can be repeated to increase the selectivity of the objective 
DNA. 

According to the method described above, necessary information can be retrieved in a 
speedy way, and the method is called the RARGIP (Random Access Retrieval of Genetic 
Information through PCR) method. Table 1 shows the respective characteristics of the RARGIP 
method, conventional cloning method and PCR method. It is clear from Table 1 that the 
RARGIP method of the present invention encompasses all the advantages of the conventional 
cloning method and the PCR method. As a result, there are special advantages that a micro 
quantity of gene having an unknown base sequence can automatically be cloned and that, in 
addition, a multiple number of probes can be utilized during the screening. 
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Few kb to a few dozen kb around the probe 
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1 -2 kb around the probe 
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Sequence in between primers only 
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At micro quantity 


14 


Difficult 
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Easy 
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Automation 
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Possible 


18 


Utilizing a multiple number of probes 



Furthermore, the operation of gene cloning by this RARGIP method is extremely simple /4 
despite the fact that the efficiency is high. In other words, no special technique, material or 
equipment is required throughout the entire procedure. Also, the condition for the liquid phase 
hybridization is the same as that for the Southern hybridization or Northern hybridization which 
is normally applied, and the know-how and information accumulated until now can all be 
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utilized. For example, there is no need to synthesize anew the probe and any DNA ean have 
broad applications and ean readily be utilized through biotin labeling. 

Here, the application examples shown below are examples of isolating a specific gene 
from cDNA with testis RNA as the template using the RARGIP method. Needless to say, the 
examples below are not to be construed as limiting the present invention, and various DNA 
fragments can be utilized as the objective DNA as long as they are double-stranded DNAs and 
the detailed procedure and operation can be conducted in many different forms. 

Application Example 1 

Synthesis of cDNA with testis RNA as template and amplification with LL-PCR method 

First, total RNA 10 jug extracted from the testis of a C57/BL6 mouse was mixed with an 
oligo (dT) primer adapter (5'-CTGATGATCGAT 14 -3') at a ratio of 10 pmol/^g template RNA. 
After heating for 10 min at 70°C, the mixture was kept on ice. Next, 200 units reverse 
transcriptase (Superscript, product of BRL Company) were added and single-stranded cDNA 
was synthesized by incubating for 1 h at 45°C, followed by adding DNA polymerase 1 (24 units), 
RNase H (20 units) and E. coli DNA ligase (30 units) for reacting at 1 2°C for 2 h to synthesize 
double-stranded cDNA. Subsequently, T4 DNA polymerase treatment was carried out to smooth 
out the two terminals. 

Next, the cDNA synthesized in such manner was subjected to amplification by the 
LL-PCR method. 

First, after a lone linker formed from 5 jig LL-SallA 
(5'-pATTGACGTCGACTATCCAGG-3') and LL-SallB (5'-pCCTGGATAGTCGACGTC-3') 
was used to bind the two terminals of the double-stranded cDNA, respectively, in the presence of 
1000 units T4DNA ligase (product of Takara Shuzo) for 1 5 h at 1 6°C, the unreacted linker was 
removed by a Centricon-100 (product of Amicon Company). The cDNA so obtained was then 
mixed at a 1/150 ratio (about 0.1-0.2 ng) into a reaction solution containing lOmM Tris-Cl (pH 
8.5), 50mM KC1, 2.5mM MgCl 2 , 10mM 2-ME, 200 pM each of dATP, dCTP, dTTP and dGTP, 
and 1 jig LL-SallA as the primer, to a total volume of 50 |iL, and amplification was carried out 
using an automated PCR device (product of Cetus Company). The amplifying conditions 
comprised repeating 20 times a cycle of 45 s at 94°C, 2 min at 53°C and 4 min at 72°C, followed 
by adding 1/10 (5 jliI) of the product to the PCR reaction solution (same as the above 
composition) to make a total volume of 100 |liL, and amplification was further repeated 10 times 
under the same conditions. As a result, 3-5 jag cDNA were obtained in one reaction, and when 
this was subjected to agarose gel electrophoresis, it was found that the size distribution of the 
cDNA was from 300 bp to 2 kb. 
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In this operation, the quantity of the RNA utilized as the starting material for preparing 
such cDNA is in general from 1/100 to 1/1000, suggesting that it is possible to carry out cloning 
with an extremely minute quantity of material. 

A pplication Example 2 

Liquid-phase hybridization of probe and cDNA 

The amplified cDNA prepared in Application Example 1 was hybridized with 
biotin-labeled DNA probe in liquid phase. 

Actin cDNA, mouse chromosomal DNA containing Tctex-3 gene and Tctex-7 gene 
cDNA were used as the probe DNAs. Among them, actin is a gene which can have a large 
quantity of expression and comprises about 1/100 in quantity in testis mRNA, and is a rare 
productive cell-specific gene (probably less than 1/10,000 in the entire mRNA) compared to the 15 
other two. Also, the sizes were 0.7 kb, 1 .25kb and 0.7 kb, respectively. About 500 ng of these 
probe DNAs were labeled by the nick translation method using biotin-14-dATP as the substrate. 
After the unreacted substrate was removed with Centricon-30, it was dissolved in 100 \x\ 5mM 
TrisCl (pH 8) and ImM EDTA (pH 8). This labeled DNA can be stored at -20°C for 6 months. 

Next, to 1/50 of the total quantity of the labeled DNA probes, 1 0 ng cDNA in the case of 
actin as the probe or 100 ng cDNA in the case of other probes were added, and 20 |ug salmon 
testis DNA spliced to 1 kb were added and the total quantity was made to 10 jiL. Next, a buffer 
solution for hybridization was added to give a final concentration of 50% formamide, 5 x SSPE, 
0.1% SDS and 5 x Denhardt's, and the total quantity was made to 100 pL. This was followed by 
incubating at 42°C for 24 h in the case of the actin probe and for 1 5 h in the case of other probes. 

Application Example 3 

Selective isolation of probe cDNA hybrid 

Magnetic beads coated with streptavidin (DYNABEADS, Streptavidin, product of Dynar 
[transliteration] Company) which bind specifically to biotin were used to selectively isolate the 
hybrid molecules of cDNA and biotin-labeled probe formed in the liquid hybridization in 
Application Example 2. According to this method, there is no need for a tedious treatment such 
as solidification of the probes, and because the beads are added after the liquid-phase 
hybridization, there is no effect on the association of the DNA molecules. 

To prevent the non-specific adsorption of DNA onto the beads, 100 ).ig/mL salmon testis 
DNA and the beads were preincubated for 1-2 h, and then 20 y\L beads at 10 mg/mL 
concentration were mixed with 100 \xL probe cDNA solution from Application Example 2, 
which was shaken for 30 min at room temperature. Since the beads could be collected with a 
magnet, the cDNAs not associated with the probes were removed by applying this property. 
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Next, 500 |iL solution of 0.2 x SSC and 0.1% SDS were used for washing the beads 3 times at 
65°C for 15 min. Finally, the beads were suspended in 50 \i\ 0.1 x SSC, followed by heating at 
90°C for 1 min to detach cDNA from the probes, and the supernatant containing the cDNA after 
removing the beads was stored at -20°C. 

Application Example 4 

Amplification of cDNA by LL-PCR method, and identification and verification of specific genes 

The cDNAs contained in the supernatant obtained in Application Example 3 were 
amplified by LL-PCR method. PCR was repeated 20 times under the same conditions as in 
Application Example 1, using 5 jaL of the 50 |iL supernatant, and 1/10 (5 |iL) of the product was 
further amplified 15 times. The resulting DNA was subjected to agarose gel electrophoresis and 
after the amplification of the DNA was verified, a Southern blot was prepared using this gel. 
Furthermore, after the radioactivity of the probe utilized in cDNA separation was verified, 
Southern hybridization was carried out. As a result, it was confirmed that the cDNA 
complementary to all actin, Tctex-3 and Tctex-7 probes was amplified. 

Next, to clone this cDNA, the cDNA was digested with Sail using the splicing site of Sail 
restrictive enzyme contained in the sequence of the lone linker (Sail A,B), followed by bonding 
to plasmid vector p-T7T318U which was also spliced by Sail, and the recombinant DNA was 
used to transform E. coli bacteria. The obtained transformed bacteria were spread onto filters to 
form 300-800 colonies per filter. Colony hybridization was carried out using this filter, and 
screening of the objective gene cDNA was conducted. As a result, as shown in Table 2, a large 
quantity of positive clones was obtained not only from actin probe but also from probes using 
rare genes. 
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3 Actin 

On the other hand, as a comparative example, screening was conducted by the 
conventional method using cDNA clone and the same two probes. For the Tctex-7 probe, only 
two positive clones were obtained out of 400 thousand plaques. For the Tctex-3 probe, there was 
0 positive clones out of the same 400 thousand plaques. From these results and considenng the 
labor, cost and time required by the two methods (for example, to screen 400-500 thousand 
plaques, it requires about 50 filters of 1 50 mm in size), it is clear that the efficiency of the 
present invention is superior. 

Also, the positive clones obtained in the aforementioned manner were randomly selected 
and plasmid DNA was prepared from them. When the size of the insert DNA contained in the 
plasmid was examined, it was found that it contained various sizes of inserts from 500 bp to 
1000 bp. To conduct a final verification to see if these cDNAs were from genes contained in the 
probes, the probe DNAs utilized in the RARGIP method and the cDNA clones obtained by the 
RARGIP method were each labeled with radioactivity, and Southern hybridization with mouse 
chromosomal DNA was carried out. If the same result is obtained, the probe DNA and the cDNA 
are from the same gene. 

The result showed that the same size and same number of bands were obtained for the 
two, confirming that cDNA clone specific to the probe can be rapidly isolated by the RARGIP 
method. 
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Effect of the invention 

As described in detail above, according to the gene cloning method of the present 
invention, the entire operation of gene cloning can be carried out in a micro quantity at high 
efficiency and in a simplified way because it is able to simplify the amplification and selection of 
objective, specific DNA fragments. 

Brief description of the figure 

Figure 1 is a model diagram depicting the selecting and amplifying processes for the 
objective gene of the gene cloning method of the present invention. 
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